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Introduction
In the aftermath of the 2007-2008 financial crisis a significant effort has been undertaken in the academic literature to understand the interdependence between mortgage loan performance, housing prices, and stock market returns. The literature relying on household-level data from the financial crisis finds that risks which originated in the subprime segment of the mortgage market exerted a negative impact on housing prices, amplified, and subsequently spread to the stock market and other sectors of the economy (see, e.g., Mayer, Pence, and Sherlund (2009) ; Gerardi, Rosenblatt, Willen, and Yao (2015) ; Davis and Nieuwerburgh (2015) ). Analyses of data from the pre-crisis period show that the mortgage market followed a classical boom-bust cycle. It substantially expanded in the early 2000s and then collapsed by creating knock-on effects on housing prices, other real estate assets and the stock market (Mayer et al. (2009); Demyanyk and Van Hemert (2011) ).
While these analyses contribute to our understanding of the origin and evolution of the financial crisis, they have little to say about the forces shaping the spillover effects across the mortgage, the housing and the stock market for longer time periods. Do return spillovers across these markets change in intensity and direction during periods of economic expansions and recessions? How different are they in periods of housing market booms and in housing downturns? And how do they respond to economic shocks and political events? These questions carry implications for a variety of market players, including homeowners and potential home buyers, investors, policymakers and market regulators.
In this paper we address these issues by analyzing the dynamic interdependence between housing market returns, returns on mortgage and equity real estate investment trusts (REITs), and stock market returns in the U.S. Our study covers the period of the past forty years in which these markets go through episodes of slow and moderate growth and decline as well as through boom and bust cycles.
We employ the dynamic spillover methodology developed by Diebold and Yilmaz (2012) to establish the direction and the magnitude of the interdependence across these markets.
1 Our main results can be summarized as follows. For the entire sample period, the housing market is a net receiver of spillovers while the stock and the mortgage and equity REITs markets are net transmitters of spillovers. The dynamic spillovers, however, exhibit substantial variations over time and each market acts both as a transmitter and a receiver of spillovers during different sub-periods. The housing market for example, is a net transmitter during recession periods and during periods of housing market busts. This general relationship, however, does not hold for the subprime mortgage crisis, during which the housing market received spillovers from the mortgage market and, to a lesser extent, from the equity REITs market.
Data and methodology
We use monthly time series return data for the U.S. over the period January 1975 -December 2016 to examine the return spillovers across four markets: the housing market (H), the mortgage REITs market (M), the equity REITs market (E), and the stock market (S The main advantage of this methodology lies in its ability to quantify the extent to which the forecast error variance of the return of each market is attributable to various shocks to the generalized VAR system that is independent of the ordering of variables. It also allows for a flexible, data-driven model specification which does not require theoretical restrictions on parameters or specific identifying restrictions on shocks (Diebold and Yilmaz (2012) , Antonakakis, André, and Gupta (2016) ).
2 The Augmented Dickey-Fuller, the Phillips-Perron and the Zivot-Andrews tests reject the null hypothesis of a unit root at the 10% significance level for all variables. The correlation matrix shows that returns on equity REITs are highly correlated with all three other markets while the correlations between the other three markets are not statistically different from zero.
Following Diebold and Yilmaz (2012) , we consider a K-variable VAR model of p-th order given by:
Hereby y t = (y 1t , y 2t , … , y Kt ) represents a vector of K endogenous variables, Φ i are K × K parameter matrices where i = 1,2, … p and ε t is a vector of identically and independently distributed errors with zero mean and Σ variance-covariance matrix. In our particular application, the vector y t contains the monthly returns of four aforementioned time series. Assuming covariance stationarity, the moving average representation of the VAR(p) model could be written as follows:
where the coefficient matrices A i are of dimension K × K and recursively defined by A i = Φ 1 A i−1 + Φ 2 A i−2 + ⋯ + Φ p A i−p where A 0 is the K × K identify matrix and A i = 0 for all i < 0.
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The variance decomposition proposed by Diebold and Yilmaz (2012) is based on the KPPS-VAR framework with the h-step-ahead forecast error variance and is defined as follows:
Hereby σ jj denotes the standard deviation of the error term for the j-th equation, ∑ is the variance matrix for the error vector ε, and e i represents the selection vector with one for i-th elements and zero otherwise. The resulting matrix ϕ ij of dimension K × K represents the contribution of variable j to the h-step-ahead error variance in forecasting variable i. Hence, the main diagonal elements of this matrix show the own-variance shares while the off diagonal elements indicate cross-variance shares. Each entry of the generalized variance decomposition matrix is normalized by the row sum as follows:
where by construction ∑ φ ij (h) = 1
and ∑ φ ij (h) = K K j=1
.
Using the normalized elements of the generalized variance decomposition matrix, Diebold and Yilmaz (2012) define the total spillover index as follows:
The directional spillovers received by market i from all other markets are defined as:
Likewise, the corresponding index which measures the spillover effects transmitted by market i to all other markets is calculated as:
Given these directional spillovers indices, net spillovers from variable i to all other variables j could be obtained directly as the difference between total volatility shocks transmitted by market i and those received from all other markets:
Net pairwise spillovers between each pair of markets i and j are estimated by the difference between total volatility spillover transmitted from market i to market j and those transmitted from j to i:
In the next section we estimate the so defined spillover measures for the considered four markets.
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Empirical results
The total return spillovers, which we estimate using a 60-month rolling window, are reported in Table   2 .
[ Table 2 , about here]
On average 30.9% of the total volatility forecast error variance in the sample comes from cross-market spillovers which is on par with results from related studies (see, e.g. Antonakakis et al. (2016) Chiang, Sing, and Tsai (2017) ). The dynamic estimates of total spillovers (see equation 5) are presented in Figure 1 .
[ Figure 1 , about here]
The figure shows that total spillovers react to political and financial market events. 4 They generally increase in crisis periods, both domestic and international. 5 We further obtain dynamic trajectories for the net spillovers defined by equation (8) We observe that each market acts both as a transmitter and a receiver of spillovers during different sub-periods. 6 The pairwise spillovers presented in Figure 3 offer a more detailed picture on the dynamic relationship of each pair of markets.
[ Figure 3 , about here] The graph for the Pair H-M gives the directional spillovers from the housing to the mortgage market. Table 3 and the results for the pairwise spillovers are presented in Table 4 .
[ Table 3 , about here]
[ Table 4 , about here]
6 For example, in the early 2000s the housing market was a net transmitter of spillovers while the mortgage market was a net receiver of spillovers. However, this relationship reversed with the onset of the financial crisis. During the 2007-2009 period the mortgage market transmits spillovers while the housing market receives spilloves. The four graphs reveal that from 2010 onward the housing and the mortgage REITs markets are mostly net receivers of spillovers while the stock market and the equity REITs market are mostly net transmitters of spillovers. 7 The transition from positive to negative values around 2007 illustrates that mortgage markets turns from a receiver to a transmitter of spillovers around this time period. Overall, during the crisis the spillovers are running in the direction from the mortgage market to the other three markets. However, after the financial crisis volatility shocks in the stock market spilled over to equity and mortgage markets as well as to the housing market. 8 For the causal effect between subprime mortgage lending and house prices see Anenberg, Hizmo, Kung, and Molloy (2015) . We observe that the housing market transmits spillovers during recessions, housing market busts, periods of bearish investor sentiment, and periods of tight lending standards. However, it was a net receiver of spillovers during the subprime mortgage crisis. 10 The mortgage market, in contrast, was a net transmitter of spillovers during the crisis. 11 As expected, the stock market transmits spillovers in periods of economic booms, in periods of heightened political uncertainty and in periods of loose lending standards. Overall, in periods of optimistic investor sentiment and in housing market booms the more liquid equity markets transmit spillovers to the housing market, while during recession periods the housing market is a net transmitter of spillovers.
Conclusion
In this paper we report large variations in the total, net and pairwise return spillovers between the housing market, mortgage and equity real estate investment (REITs) markets, and the stock market in for more than 40 years of monthly data on returns in the U.S. These markets act as both receivers and transmitters of spillovers during specific subperiods. Results pointed to an unprecedented direction of spillover transmissions during the financial crisis: while typically the housing market transmits spillovers during economic and housing market downturns, during the financial crisis the housing market was a receiver of spillovers from the REITs market. In addition to carrying implications for households, institutional investors, and regulators, our findings could be useful for the theoretical modelling of the interdependence between these markets. Recent contributions to the theoretical literature have focused on understanding how the interaction between mortgage lending, securitization, and housing price dynamics shapes the tradeoff between home ownership affordability and financial 10 While this finding might be associated with the fact that our financial crisis variable, by construction, captures only the early stages of the crisis, August 2007-September 2008 (housing prices continue to fall throughout 2009 and 2010), it could be interpreted as evidence that that spillovers during the global financial crisis were subject to mechanisms that are different from the ones operating in other recession periods. The recent literature has uncovered a number of differences in the dynamics of housing returns between the most recent financial crisis and previous recession periods. Damianov and Escobari (2016) , for example emphasize that, unlike in previous housing market cycles, in the most recent cycle "starter" homes appreciated more during the boom and depreciated more during the bust of the market (see, e.g. Poterba (1991) and Mayer (1993) for an analysis of the 1970-1980 time period). 11 As we will establish in the subsequent analysis of pairwise spillovers, risks from the mortgage market spilled over to the housing market during the financial crisis.
stability (see, e.g. Campbell (2013) , Guren, Krishnamurthy, and McQuade (2017) ). Our empirical results can inform these and future efforts by contributing to a better understanding of the forces shaping risk spillovers across these markets. MacKinnon (1996) whereas critical values for the Zivot-Andrews test are taken from Zivot and Andrews (1992) . The significance levels are indicated as follows: '***' p<0.01, '**' p<0.05, '*' p<0.1. Notes: The underlying generalised variance decomposition matrix is based on a monthly VAR of order 2 with 10-step ahead forecasts. The number of lags (2) has been selected based on Schwarz information criterion (SIC) and Hannan-Quinn information criterion (HQ). The last column gives the aggregated off-diagonal row sums (directional from others) and the offdiagonal column sums represent contributions to others. The differences between contributions to/from others (net contributions) are shown in the last row of the table.
Appendix: Tables and Graphs
Figure 1: Total return spillovers across four markets
Notes: The total return spillover index across the four markets is based on generalized variance decomposition associated with a VAR of order 2 with a 10-step ahead forecast horizon and a 60-months rolling window.
Figure 2: Net return spillovers
Notes: The total return spillover index across the four markets is based on generalized variance decomposition associated with a VAR of order 2 with a 10-step ahead forecast horizon and 60-months rolling window. Positive values indicate that the market is a net transmitter and negative value that the market is a net receiver of spillovers. Notes: The total return spillover index across the four markets is based on generalized variance decomposition associated with a VAR of order 2 with a 10-step ahead forecast horizon and 60-months rolling window. The relationship Pair H-E shows the directional pairwise spillover effect running from the housing market (H) to the equity REITs market (E). The interpretation of the remaining pairwise comparisons is analogous. Hereby Net-H denotes the net spillovers transmitted by housing market, Net-M the net spillovers transmitted by the mortgage REITs market, Net-E stands for the net spillovers of the equity REITs market, and Net-S stands for the net spillovers of the stock market as measured by the S&P 500 index. The regressions are based on monthly observations from January 1996 to August 2015. All regressions are estimated by OLS with Newey-West serial correlation consistent standard errors. The standard errors are reported in parentheses. The significance level of the regressions is indicated as follows: '***' p<0.01, '**' p<0.05, '*' p<0.1. 
